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Abstract: The convergence of the economic level occurs when a converging country 
approaches to the economic level of another country, respectively group of countries. 
This process is generally known as the catching - up and it is mostly measured via the 
gross domestic product per capita. The aim of this paper is to research the 
convergence/divergence of the Euro zone countries and the Czech Republic to the 
average economic level of the Euro area. The determined goal is solved helped by  
a panel data analysis. 
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Introduction 
Upon entry into the European Union on 1 May 2004 the Czech Republic (CR) 
committed to join the European Economic and Monetary Union (Euro area, Euro zone, 
EA17)11, i. e. country undertook an aim to move to a higher degree of economic 
integration. However the date of this step is not exactly defined and is restricted to the 
fulfillment of the Maastricht convergence criteria. Many authors include the 
achievement of the convergence criteria in the nominal convergence, see e. g. Vintrová 
and Ždárek [9]. Studies thematically focused on the topic of convergence pointed to  
a fact that the nominal convergence of economies is not sufficient for the entry to the 
monetary area. Therefore there is a need to examine the real convergence (respectively 
the convergence of the economic level). 
This paper is focused on the convergence of the economic level of the EA17 
countries and the Czech Republic to the average economic level of the Euro zone. The 
aim of this paper is to determine whether there was a beta convergence or beta 
divergence to the average euro area economic level, both for the individual countries 
of EA17 and the Czech Republic. Panel regression analysis is a tool used to meet the 
determined objective.  
1 Theoretical background of convergence  
The term convergence intuitively means that difference between two variables (or 
among more variables) declines and converges to the zero value [7]. Then the real 
convergence (divergence) determines whether the economic level of a country or  
a group of countries converges to (diverges from) the economic level of other country 
                                                 
11 17 countries of the European Union are the members of the Euro area: Austria, Belgium, Cyprus, 
Estonia, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Malta, Netherlands, Portugal, 
Slovakia, Slovenia and Spain. 
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respectively, group of countries. The most often used indicator for researching the real 
convergence is the gross domestic product per capita in the purchasing power parity 
(GDP p. c. in PPP). Furthermore the real convergence can be understood as  
a structural convergence or catching up in technology level [7]. In this paper the real 
convergence is understood as a decrease of differences between the economic levels,  
i. e. the convergence of economic level. 
The article is focused on the popular concept of the absolute (unconditional) beta 
convergence. It assumes that the poorer countries or countries with lower income per 
capita grow faster than wealthier countries (and this growth is not caused by the 
various conditions of economies). This concept also works with the assumption that 
economies converge to the common stable state. On the other hand the concept of 
relative (conditional) convergence rejected the postulate of the common stable state for 
all economies because of possibility that country with a higher income per capita can 
grow faster than the country with the lower one. This can be caused by different levels 
of important economic fundamental variables such as savings rate or government 
policies [7]. 
The nominal convergence is a process when the differences of nominal variables 
such as prices or wages are reduced between the economies [1]. As above mentioned 
the nominal convergence can be understand also as a fulfillment of the Maastricht 
convergence criteria, which are composed of the fiscal criteria (public deficit, public 
debt), followed by monetary criteria (price stability, exchange rate stability and 
stability of long-term nominal interest rates). The convergence criteria are legally 
entrenched in article 140 of the Treaty on Functioning of The European Union and 
also in the Protocols attached to the Treaty on European Union and the Treaty on the 
Functioning of the European Union as amended by the Lisbon Treaty. 
Between the nominal and real convergence a mutual relation exists. The position  
of individual authors towards this relationship is not uniform. Some understand  
the nominal and real convergence as mutually supporting processes and so that  
the fulfillment of the criteria of the nominal convergence helps the stability  
of macroeconomic environment and thereby promotes economic growth, see for 
example [3]. Other authors (e. g. [6]) see them as rival processes where in a strict 
compliance with the fiscal and inflation criteria they see the possibility to constrain the 
economic growth. 
2  Methods of evaluating the convergence  
To analyze the convergence of economic level of the Czech Republic and Euro area 
member states the concept of unconditional beta convergence is used. The default 
relation used to research the beta convergence concept is the equation of Slavík [7]:  
 
 (1) 
 
where Tiy ,  is the gross domestic product per capita at the end of the studied period, 0,iy  
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the analysis is provided, α  is the level constant, β  is the regression coefficient and iε  
is the random component. The left side of the regression equation is an average 
economic growth of the studied period, which depends on the initial level of  
product ( 0,iy ). 
Following the adoption of the assumption that there are totally T  of initial values, 
used regression equations can be modified as follows:  
 
 (2) 
  
where tiy ,  is the gross domestic product per capita in the year t , 1, −tiy  is the GDP p. c. 
in the year 1−t , α  is the level constant, β  is the regression coefficient and iε  is the 
random component. The left side of the regression equation is an inter - annual 
economic growth that is dependent on the previous product level ( 1, −tiy ).  
2.1 Panel data model 
Greene [2] generally distinguishes three basic panel data models. The first one is  
a pooled regression model which is used when the individual effect is only a unit 
vector; i. e. the parameter α  is a common constant. The second one is a model with 
fixed effects (Fixed Effects Model – FEM). It is characterized by the fact that 
individual effects are unobservable but correlated with the explanatory variables, in the 
model there is a specific constant iα  for each cross-sectional unit. The third one is  
a model with random effects (Random Effects Model – REM), which differs from the 
previous one in the fact that individual effects are both unobservable and uncorrelated 
with the explanatory variables.  
In order to evaluate the convergence, from the spatial point of view, the model 
expressed by the equation (2) is modified in the following way:  
 
 (3) 
 
where the symbolism is equivalent to the one used in the equation (2) and iDδ  
represents the cross-sectional effects.  
The model can be estimated in two basic ways. The first one is that the model can 
be estimated as a regression model without a level constant. In the second method 
there is one cross-sectional unit chosen as a basic and its value then represents the 
absolute member of the model and only n-1 dummy variables are used for the re – 
estimation [4].  
The second way is chosen to explore the real convergence. The selected cross-
sectional unit is the Euro area average economic level. The resulting spatial effects for 
individual countries EA17 and the CR can be then obtained using the following 
equation [4]: 
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3 Analysis of the convergence of the economic level 
3.1 Identification of input data  
First, there is a description of the data base and subsequently, a graphical analysis 
of input data is performed. Via this the basic assumptions of convergence  
or divergence of studied Euro area economies and the Czech Republic are adopted. 
The studied time period covers the years 1995-2010. The selected indicator  
of economic level is a gross domestic product per capita in purchasing power parity 
(PPP). Data are obtained as the absolute values from the database of the World Bank 
[10]. For the purposes of the graphical analysis the input data are adjusted to reflect the 
relative value of GDP per capita in PPP to the average Euro area value of GDP p. c.  
in PPP. The calculated relative values are captured in the Tab. 1 
Tab. 1: Share of GDP per capita in PPP of the EA17 countries and the Czech 
Republic to the average Euro area level in the years 1995 – 2010 
country/year 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 
Austria 123 123 121 120 120 118 117 116 115 115 114 113 113 114 116 117 
Belgium 119 118 118 115 114 113 112 111 110 110 109 108 106 106 108 109 
Cyprus 90 88 86 86 85 85 86 85 84 84 83 82 82 84 86 86 
Estonia 35 36 39 40 39 41 44 47 50 52 56 60 62 59 54 55 
Finland 98 99 101 102 101 102 102 102 103 104 104 105 106 106 103 105 
France 113 111 109 108 107 105 105 103 102 101 100 98 97 96 98 98 
Germany 124 122 119 117 115 113 112 110 109 107 105 106 105 107 108 110 
Greece 79 78 78 77 76 76 77 78 82 83 82 84 83 82 84 80 
Ireland 96 101 107 111 116 121 123 127 129 129 131 130 130 123 120 117 
Italy 113 112 109 107 104 103 103 102 100 98 95 94 91 89 89 88 
Luxembourg 216 212 213 216 222 228 226 229 227 228 231 231 234 232 228 228 
Malta 75 76 76 77 77 77 73 73 72 70 71 70 70 73 74 76 
Netherlands 127 128 128 127 127 126 125 122 120 120 119 119 119 120 122 122 
Portugal 78 79 79 80 79 79 78 77 75 74 72 71 69 69 72 72 
Slovakia 48 50 51 51 49 47 48 50 51 53 55 57 61 64 65 67 
Slovenia 71 72 73 73 74 74 74 76 77 78 80 81 83 86 83 83 
Spain 94 94 94 94 94 94 94 94 94 93 93 92 90 89 91 89 
Czech Republic 70 71 68 65 63 63 64 64 65 67 69 71 72 73 74 75 
Source: [10], self –elaboration. 
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The table indicates that countries like Estonia, Slovakia, Slovenia or Czech 
Republic, which achieved low initial values of GDP p.c. grow faster. While countries 
showing high values of economic level, such as Netherlands or Austria, grow more 
slowly. 
3.2 Graphical analysis  
The graphical analysis shows the economic development of the selected countries 
(EA17 and CR) in the observed time period of 1995 – 2010. The analysis includes 
economies that achieved the lowest and highest initial level of GDP p.c. in PPP at the 
beginning of studied time period (1995).  
In Fig. 1 trends in the development of GDP p.c. in PPP of the chosen “old” 
countries of the Euro area are observed. An interesting trend is noticeable in Ireland 
which in almost whole observed period registered strong economic growth. Country 
diverged from the average Euro area economic level until 2007 when its economic 
level noted a relatively significant decline. This caused the turn of the trend and 
country approached to the Euro zone again (convergence from above)12. In 1995 
countries like Germany, Austria and Netherlands reached initial level of GDP p.c.  
in the range of about 120 -130 % of Euro area level. By 2010 these countries 
approached to the average of the Euro zone so we can assume that their economic 
growth was slower compared to the Euro zone (this trend was the most significant  
in Germany and Belgium). 
Fig. 1: Graphical analysis of selected “old” member states 
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Source: [10], self – elaboration. 
Fig. 2 describes the level of GDP p.c. in the selected “new” member states of the 
Euro zone. Estonia and Slovakia had the lowest level of the GDP p.c. in PPP in the 
1995; the graph shows that these two states converge in fastest way to the EA17 
average. This trend is not so significant for Cyprus, Malta and the Czech Republic; it 
is due to the fact that these states had, in comparison to Slovakia and Estonia, higher 
initial economic level (in 1995). 
 
                                                 
12 A possible cause of this development can be the World´ s financial and subsequent economic crisis 
which has significantly affected Ireland.  
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Fig. 2: Graphical analysis of selected “new” member states 
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Source: [10], self – elaboration. 
3.3 Results of the regression model 
The subject of an empirical analysis is the convergence/divergence of 18 selected 
countries to the average Euro area economic level. To examine a defined regression 
model the method of the least squares is used. At first the estimation with 19 dummy 
variables is made. As above mentioned, 19 dummy variables represent the Czech 
Republic, the Euro zone countries and the average Euro zone level. The latter is 
denoted as dummy variable D5 and is selected as the basic cross-sectional unit which 
is consequently used to calculate the final effects (convergence/divergence)  
of individual countries. The results of the first estimation are shown in Tab. 2. 
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Tab. 2: Overall results of the model with 19 dummy variables 
 
Source: Calculations in EViews 7. 
The next step is to re - estimate the model without basic cross-sectional unit. The 
results are presented in Tab. 3.  
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Tab. 3: Overall results of the model with 18 dummy variables 
 
Source: Calculations in EViews 7. 
Final effects for the Euro zone countries and the Czech Republic are calculated 
according to the equation (4). The effect of basic cross-sectional unit (D5 dummy 
variable in Tab. 3) is subtracted from effects for individual countries (dummy 
variables in Tab. 4). The results of these calculations are presented in Tab. 4.  
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Tab. 4: Final effects of the selected countries 
Country Dummy Effect iDδ  Significance 
Austria D1 0,003435 0,000 
Belgium D2 -0,000104 0,000 
Cyprus D3 -0,011301 0,000 
Estonia D6 -0,024135 0,000 
Finland D7 -0,000600 0,000 
France D8 -0,005035 0,000 
Germany D9 -0,000755 0,000 
Greece D10 -0,012253 0,000 
Ireland D11 0,011252 0,000 
Italy D12 -0,009443 0,000 
Luxembourg D13 0,036034 0,000 
Malta D14 -0,016194 0,000 
Netherlands D15 0,005931 0,000 
Portugal D16 -0,017976 0,000 
Slovakia D17 -0,022075 0,000 
Slovenia D18 -0,010192 0,000 
Spain D19 -0,007405 0,000 
Czech Republic D4 -0,018239 0,000 
Source: self - elaboration. 
4 Discussion 
Model as a whole, explanatory variable and dummy variables are statistically 
significant. The value of non-standardized beta coefficient of explanatory variable 
(representing an initial level of economic level - in Tab. 3 and 4 denoted as the 
variable X) came out negative what indicates that in average the Euro zone countries 
(EA17) and the Czech Republic converged to the Euro area economic level in studied 
time period. In result, totally 14 economies converged, 4 countries diverged. The 
converging countries include Belgium, Cyprus, Estonia, Finland, France, Germany, 
Greece, Italy, Malta, Portugal, Slovakia, Slovenia, Spain and the Czech Republic. The 
diverging countries are Austria, Ireland, Luxemburg and Netherlands. The fastest 
convergence was observed in Estonia and Slovakia, while the slowest e.g. in Belgium, 
Finland and Germany. 
Conclusion 
The paper is divided into three main parts. The content of the first part is focused 
on the general characteristic of convergence concept. Since the objective is to 
determine whether there was a beta convergence or beta divergence towards the 
average economic level of the Euro area countries the panel model with fixed effects 
was chosen as an instrument of regression analysis. Due to the inclusion of dummy 
variables (artificial variables) this model is also called LSDV model (Least Squares 
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Dummy Variable). The specificity of this model is that it can be estimated either 
without a constant or with the one cross-sectional unit chosen as the basic unit. The 
latter procedure is used in this paper. As the basic cross-sectional unit the average 
economic level of the Euro area was chosen. Finally the resulting effects for individual 
economies are calculated so that the value of the effect of cross-sectional unit is 
deducted from the effect of individual economy. This methodological procedure is 
subject of the second part of the article. 
In the third part there is a characteristic and graphical description of the input data 
of EA17 economies and CR in the years 1995- 2010. To analyze the real 
convergence/divergence the indicator of gross domestic product per capita  
in purchasing power parity is chosen. Data are obtained as absolute values from 
database of the World Bank. Because of a need of the graphical analysis data were 
recalculated to reflect the relative share of the GDP per capita of individual countries 
to the Euro zone average value. The graphical analysis shows for example that the 
converging economies include Estonia, Slovakia, Czech Republic, Slovenia 
(convergence from the bottom) or Belgium and Germany (convergence from above).  
The third part is further dedicated to empirical analysis of the beta convergence 
concept. The created regression model as a whole, explanatory variable and also the 
dummy variables are statistically significant. The value of non-standardized beta 
coefficient of explanatory variables, which represents the initial level of income, came 
out negative; this indicates that in average countries of the Euro area (EA17) and the 
Czech Republic converged to the Euro zone average economic level from 1995  
to 2010.  According to the final effects of individual economies the converging 
countries include Belgium, Cyprus, Estonia, Finland, France, Germany, Greece, Italy, 
Malta, Portugal, Slovakia, Slovenia, Spain and the Czech Republic. The divergent 
countries were Austria, Ireland, Luxembourg and Netherlands. Estonia and Slovakia 
were the fastest converging countries; on the contrary, the slowest were Belgium, 
Finland and Germany.  
The paper understands the nominal convergence as a fulfillment of the Maastricht 
convergence criteria. An effort of the Czech Republic to achieve the convergence 
criteria is annually a subject of a document Evaluation of the fulfillment of the 
Maastricht convergence criteria and the degree of economic alignment of Czech 
Republic with the Euro area. In the year 2011 the Czech Republic did not fulfill the 
criterion of sustainability of public finances (since 2009 is the country in the excessive 
deficit procedure) and did not participate on the exchange rate mechanism (ERMII). 
To the year 2012 the failure of achieving the criterion of price stability due to increase 
of the reduced value added tax rate was predicted. The Czech Republic fulfills the long 
- term interest rate criterion and the same development is expected in the near future.  
Czech Republic is inconsistent with the conditions of nominal convergence 
required by the Maastricht convergence criteria. The concept of unconditional beta 
convergence confirmed that the economic level of Czech Republic converged to the 
average level of Euro area in 1995 - 2010. Although in comparison with the new 
member Euro zone countries, such as Estonia and Slovakia, the convergence rate is 
considerably slower. Non-fulfillment of the nominal convergence and a low rate of the 
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real convergence of the CR points to its lack of preparedness to move to a higher 
integration degree of economic integration and to adopt the common euro currency.  
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